The Mojave Desert presents an array of Pleistocene lacustrine deposits and aeolian landforms to 14 which, at times, it has proved challenging to apply luminescence methods. We tested the suitability 15 of K-feldspar post-IR IRSL methods using two sites with independent radiocarbon dating -shorelines 16 at Harper Lake and Silver Lake -considering: 1) overall performance of the post-IR IRSL 225°C 17 (pIRIR225) protocol, 2) effect of test dose size on pIRIR225 De, 3) anomalous fading correction of 18 pIRIR225 ages; 4) preliminary single grain pIRIR225 results. 19
Introduction

36
The Mojave Desert (southwest USA) preserves abundant evidence for Pleistocene palaeo-lakes 37 (Enzel et al., 2003) and relict aeolian deposits (Lancaster and Tchakerian, 1996) Rendell and Sheffer, 1996) . Presently there are 41 conflicting ages between studies (e.g. Rendell and Sheffer, 1996 and Bateman et al., 2012), within 42 sites (stratigraphic inversions), and contrasting results compared to independent dating (e.g. Owen 43 et al., 2007) . Quartz may be an unreliable dosimeter in the Mojave due to its low sensitivity and a 44 contaminating K-feldspar signal . K-feldspar is, however abundant in Mojave 45 sediments and is a potentially advantageous mineral choice given the relatively high environmental 46 dose rates (typically > 3 Gy ka -1 ). Previous applications of K-feldspar IRSL (Rendell and Sheffer, 1996 ) 47 did not include anomalous fading correction and subsequent studies using low temperature IRSL 48 have reported variable, but sometimes high fading rates (Garcia et al., 2014) . 49 We consider the reliability of K-feldspar ages derived via post-IR IRSL (pIRIR) methods, which 50 can isolate a slower (or non) fading IRSL signal (Thomsen et al., 2008; Buylaert et al., 2012) . 51
Demonstrating the suitability of pIRIR approaches would be an important step in improving 52 chronological control in the Mojave, and recent applications have shown promise (McGuire and 53 Rhodes, 2015; . We sampled two sites with independent dating to consider pIRIR 54 protocol performance. 55
Study sites
56
Two palaeo-lakes in the Mojave River catchment were analysed; Harper Lake and Silver Lake (Figure 57 1). Sourced in the San Bernardino Mountains to the southwest, the Mojave River experienced 58 episodes of perennial flow during the Pleistocene, periodically maintaining Lake Manix, Harper Lake 59 and the downstream Silver Lake. This catchment history is discussed elsewhere "Lake Mojave 1") and ~16.6-13.3 cal ka BP (13.7-11.4 ka; "Lake Mojave 2"), with intermittent 64 inundation at 13.3-9.8 cal ka BP (~11.4-8.7 ka). A spit-shoreline complex at "Silver Quarry" (Ore and 65 Warren, 1978) was subject to a detailed investigation combining radiocarbon dating of the 66 freshwater bivalve Anodonta californiensis, quartz OSL and fine-grain K-feldspar IRSL Multi-Aliquot 67
Additive Dose (MAAD) methods (Owen et al., 2007) . Our luminescence samples were obtained from 68 (Table S2) , Owen et al. (2007) assigned age 70 ranges of 12.1-11.6 cal ka BP to LFA 8 (7 dates) and 12.2-12.5 cal ka BP to LFA 6 (2 dates). Their 71 quartz OSL ages for LFA 8 (SL125) and LFA6 (SL126) were 6.6 ± 0.7 ka and 6.5 ± 0.6 ka respectively. 72
Harper Basin (Figure 1a) is presently isolated from the Mojave River, but was likely fed by 73 periodic Mojave River avulsions luminescence ages from coarse-grain (125-150 µm) post-IR quartz SAR and fine grain (4-11 µm) K-78 feldspar MAAD IRSL (Figure 1b) . The new radiocarbon dates ranged from 33,410 to 39,788, cal yr. 79 BP; Table S2 ; Figure 1b) , with fading-corrected IRSL ages of 28 ± 2 ka to 46 ± 3 ka (7.2% per decade 80 fading rate). The quartz ages were substantially younger (17-19 ka). Garcia et al. (2014) argued for a 81 probable age of 40-45 ka, but there is variability within and between the radiocarbon and IRSL ages, 82 with the former close to the limits of the method. The independent dating control at Harper Lake is 83 thus less firm than Silver Lake. We sampled the same section and took samples from the beach unit 84 package "Luminescence" (Kreutzer et al., 2012) . 96 Dose rates were determined using in-situ gamma spectrometry and ICP-MS (Table S1) 
Results
102
Silver Lake 103 pIRIR225 ages (Table 1 and Figure S1 ) were obtained using a moderate (23% of De) test dose. Sample 104 SL14-1 (LFA8) produced a fading-uncorrected pIRIR225 age of 8.8 ± 0.4 ka, and sample SL14-2 (LFA6) 105 an age of 11.3 ± 0.5 ka. The pIRIR225 residual Des following 48 hours of (UK) daylight were 0.8 and 1.0 106 Gy. A quartz OSL age of 5.2 ± 0.5 ka for SL14-1 (LFA8) is comparable to that of Owen et al. (2007) and 107 is much younger than the radiocarbon dates. All quartz aliquots are rejected if the fast ratio criterion 108 (average ratio 2.4 ± 1.7) is applied (Durcan and Duller, 2011) Figure S1 ), good dose recovery (ratios 1.00 ± 0.01 (SL14-1) and 0.99 ± 0.01 (SL14-2)), low 114 recuperation (<2 % for all aliquots) and recycling ratios consistent with unity (e.g. SL14-1 average 115 1.02 ± 0.02). The SL14-1 fading-uncorrected pIRIR225 age is younger than the LFA8 BCal radiocarbon 116 age range, although it is within uncertainties of the youngest radiocarbon date from this LFA (AP9; 117 9081-9322 cal. yr BP; Table S2; Figure S4 ). SL14-2 is within 2 sigma uncertainties of the LFA6 BCal 118 age (12.2-12.5 ka). Thus, although both pIRIR225 ages show better agreement with the independent 119 dating, it is prudent to consider possible underestimation relative to the radiocarbon dating. doses between 4 and 65% of the expected De (Figure 2) Figure S4 ). The fading rates for the IR 50°C are 6.5 ± 0.3% and 5.6 ± 0.4% for SL14-1 137 and SL14-2, but with fading-correction (10.3 ± 0.6 and 12.4 ± 0.8 ka) they show good 138 correspondence with the fading-corrected pIRIR225 and radiocarbon ages. 139
The need for fading correction of the post-IR IRSL signal may be removed by using a 140 80°C or 110°C increases the age of SL14-1 to 9.9 ± 0.4 and 9.7 ± 0.4 ka, perhaps implying removal of 150 a fading-prone signal. However, the trend does not continue with higher (180°C) first stimulation 151 temperatures (8.7 ± 0.5 ka). Thus, the MET-PIR 250°C age, pIRIR290 and the uncorrected pIRIR225 age 152 for SL14-1 all fall at the lower edge of the expected BCal age range (Figures 3 and S4 ) and it is 153 presently unclear whether the MET plateau represents a non-faded age. 154
Single grain analysis 155
The single aliquot data show limited inter-aliquot scatter, but given potential signal averaging for K- Harper Lake
170
Harper Lake produced two identical pIRIR225 ages (test dose 10% of De) of 25.4 ± 1.4 ka ( Table 1 ; 171 Figure S1 ). The fading-uncorrected ages are within uncertainties of one of Meek's (1999) 172 radiocarbon ages, lower than all other radiocarbon ages, and within uncertainties of one fine-grain 173 IRSL age (28 ± 2 ka) (Garcia et al., 2014; Figure S6 ). pIRIR225 data show good dose recovery (0.98 ± 174 0.01 (HL14-1) and 0.97 ± 0.01 (HL14-2)), good recycling ratios (averages 1.01 ± 0.02 and 1.02 ± 0.02) 175
and low recuperation (all aliquots < 0.5%). Residuals following 48 hours of daylight were 5.5 and 3.5 176
Gy. The 50°C IR ages are 13.0 ± 0.7 ka and 13.9 ± 0.8 ka. Quartz performance was poor (Figures S2 177 and S6) with most aliquots rejected for excessive recuperation (average ~13%) using late 178 background subtraction. A quartz age for HL14-1 from 3 acceptable aliquots using early background 179 subtraction was 25.7 ± 4.4 ka, and 23.6 ± 2.8 ka for the single acceptable aliquot using late 180 background subtraction. 181
Test dose size 182
For Harper Lake, the effect of test dose size was investigated with a dose recovery experiment and 183 using the natural IRSL De (Figure 2) . The natural measurements show little sensitivity to test dose 184 size, but the lowest test dose (2.5%) produced significant inter-aliquot scatter. The dose recoveryexperiment suggests underestimation at test doses >30% of De, with a relatively low test dose (8%) 186 giving the best dose recovery (0.98 ± 0.01; n=3). For both the natural and dose recovery 187 measurements, the DRCs behave as per Silver Lake, with faster saturation for the lowest test doses 188 (D0 of 100 ± 3 Gy for the 2.5% test dose vs. 306 ± 52 Gy for 48% test dose) and indistinguishable 189
DRCs for moderate (23%) and high (65%) test doses ( Figure S3 ). Despite this, lower test doses 190 produced the best dose recovery, with a tendency for lower Ln/Tn ratios rather than a changing DRC 191 at high test doses. The latter was not observed in the natural De measurements. 192
Fading rates 193
The 50°C IR fading rates are 10.6 ± 2.0 % and 9.4 ± 1.0 % per decade for HL14-1 and 14-2, resulting in 194 large uncertainties with fading-correction. The pIRIR225 fading rates are comparable to Silver Lake 195 ages there are also potential offsets from water content estimation. Using water contents at 224 saturation (~35%) or akin to the modern values (2 %) results in pIRIR225 ages of 8.5-9.6 ka for SL14-225 1/LFA8 and 23.8-27.8 ka for HL14-1. Given these are extreme values, it is unlikely that this alone 226 accounts for any differences (for Harper Lake particularly). 227
Nonetheless, the pIRIR225 ages show substantially better agreement with the independent 228 dating than the 50°C IR and quartz OSL ages (Table 1; Figures S4 and S6) . The single aliquot pIRIR225 229 data are highly reproducible and an absence of overestimation at either site implies incomplete 230 bleaching is not an issue, despite the lacustrine contexts. Lower 50°C IR ages reflect a need for 231 anomalous fading correction (noting the inter-site variability) ( Table 1) test doses. There is a tendency towards poorer dose recovery at high test doses at Harper Lake. This 247 is due to a lower Ln/Tn (Figure S3) , which is also seen in natural De data at Silver Lake. The reason(s) 248 for this is(are) not clear, but it implies an effect on the initial natural dose/test dose measurement. 249
At Silver Lake the fading-uncorrected pIRIR225 ages are close(SL14-2) or fall below (14-1) the 250 radiocarbon age ranges. For SL14-1 especially this implies fading correction (2.1% per decade) is 251 necessary ( Table 1) uncertainty imparted when correcting the former for the high 50°C IR fading rates at this site (Table  259 1), which was also based on fading analysis of a single sample. 260
The preliminary single grain data indicate (from dose recovery data) rather low "intrinsic" 261 over-dispersion (using the IR LED), but this requires further investigation (c.f. Rhodes, 2015) . The 262 limited number of grains should be kept in mind. There is variability in both the signal contribution 263 from individual grains (Figure S5) this is not always the case, as at the younger Silver Lake site the SL14-1 MET-PIR and pIRIR290 ages 278 are identical to the uncorrected pIRIR225 age. The pIRIR225 measurements show limited sensitivity to 279 test dose size at Harper Lake, but at both sites the DRCs saturate faster for low test doses and 280 underestimate for high test doses at Silver Lake. The latter is not observed at Harper Lake where the 281 dose recovery data seem to be more sensitive to test dose size than the natural De measurements. 282
Contrasting single grain behaviors are also observed, notably in the presence of less sensitive, lower 283
De grains at Harper Lake. This mirrors some previous work in suggesting, at least for some sites, that 284 the brightest K-feldspar grains may provide a better estimate of burial dose. 285 Harper Lake HL14-1. In A the horizontal line shows the lower 11.6 ka BCal estimate for LFA8 (see 393  Table S2 ). In B the lowest calibrated (median value) radiocarbon age for HL14-1 is shown with a solid 394 line; The BCal age range is shown for SL14-1 (with the median calibrated age for the youngest sample 402 (AP9) also shown). The range of calibrated radiocarbon ages (median calibrated values in Table S2)  403 are plotted for Harper Lake. Note that the Harper Lake quartz age is from sample HL14-1 ( Table 1) . 404 
